photoelectron spectroscopy of gases using present day synchrotron radiation sources, however, is a comparatively low counting rate experiment. This is a result of both the relatively 1 1 ' l a b l ' th ( " 11 <1011sec-l -cm-2 ) sma 1 photon f uxes ava1 e 1n eVUV typ1ca y and the small sample densities «1014 cm-3) normally employed in gas-phase photoelectron measurements. Also, angle-resolved experiments require an angular resolution,of at least ±5°, implying a collection solid angle of ~10-2 sterdians. These
factors lead to typical counting rates of 10 -100 sec , depending on the cross section of the species being stUdied. techniques, TOF analysis permits the entire energy spectrum wi thin a given time window to be analyzed simul,taneously.
The counting efficiency is therefore increased relative to the more conventional deflection-type analyzers by a factor equal to the 'number of collecting channels (typically 10 3 ).
Since all the peaks in a given spectrum are collected simultaneously it is not neces~ary to normalize relative peak areas for fluctuations in sample pressure and beam decay. In addition, because TOF is a coincidence technique,random background contributions such as electron multiplier dark noise are equally divided among the time channels of a collection window which includes the entire repetition period of the pulsed source. electrons over a wide energy range at medium energy resolution and high angular resolution.
The spectrometer is described in Section II. Its performance is discussed in Section III and projected future modifications are outlined in Section IV. At the peak transmittance wavelength, ",570.$., the photon flux
is estJ.mated to be 5 x 10 . sec -cm for typJ.cal operating conditions of 21t band pass and 10 rnA SPEAR electron ring current.
A sodium salicylate scintillator and optical phototube (RCA, 8850) are used to continuously monitor the beam intensity. . At these backing pressures, the particle density is predicted to be "vl0 13 cm-3 , which is consistent with the observed photoelectron counting rates. The resultant gas jet is directed into a conical "gas catch" directly below the ionization region which is pumped by a 500 liter/sec. turbomolecular pump (Airco-Temescal). A second 500 liter/sec. turbomolecular pump attached to the main chamber provides a background pressure of "v2 x 10 -5 torr. At an applied voltage ,of 2.5 leV, the detector provides 6 -1 a gain of 10 and a dark noise count rate of 1 -10 sec • The output pulses are very sharp, with a 10%-90% rise time of ~.5 nsec. and pulse amplitudes of ~75 mV.
Photoelectron spectra are generated by using the photonelectron coincidence counting circuit shown schematically in The total energy resolution is given by
where "A is the wavelength of the exciting radiation and t.."A the monochromator band pass. The loss of intensity at higher resolution limited the usable band pass to 2.sA (~90 mev at 21.2 eV photon energy) in the work presented here.
The TOF photoelectron spectrum of the 5p shell of atomic Xe at hv = 23.1 eV is shown in Fig. 5 . This spectrum was recorded in only 5 minutes and represents the time-to-energy converted raw data. The marked asymmetry of the peaks towards lower energies is again due to the "magic angle " geometry employed. This results in the analyzer accepting more electrons with longer flight paths and hence apparent lower kinetic energies.
The resolution of 4% found for the 2P3/2 peak is smaller than predicted by Eqs. (1) and (2), presumably because of an over-estimation of the interaction source width as discussed above. A resolution of ~4% at 10 eV is comparable or better than that obtained with previous TOF electron analyzers. In 
IV. FUTURE IMPROVEMENTS AND DEVELOPMENTS
By refocusing the photon beam as it exits the monochromator or decreasing the path length between the present final focusing mirror and the interaction region, it will be possible to reduce' the beam cross section to a 2.2 mm x 1.4 rom spot.
This will reduce the path length dispersion, 2~R" from '\.5% to '1.5%, resulting in a significant improvement in the overall energy resolution,. In addition to reducing the beam size, a retarding grid assembly will'also be added to the TOF analyzer.
Retardation should provide a further improvement in the resolution, by simply reducing the field free kinetic energy. with .. 
